Motivated by the recent experimental discovery of superconductivity in the infinite-layer nickelate Nd0.8Sr0.2NiO2 [Li et al., Nature 572, 624 (2019)], we study how the correlated Ni 3d x 2 −y 2 electrons in the NiO2 layer interact with the electrons in the Nd layer. We show that three orbitals are necessary to represent the electronic structure around the Fermi level: Ni 3d x 2 −y 2 , Nd 5d 3z 2 −r 2 , and a bonding orbital made from an interstitial s orbital in the Nd layer and the Nd 5dxy orbital. By constructing a three-orbital model for these states, we find that the hybridization between the Ni 3d x 2 −y 2 state and the states in the Nd layer is tiny. We also find that the metallic screening by the Nd layer is not so effective in that it reduces the Hubbard U between the Ni 3d x 2 −y 2 electrons just by 10-20%. On the other hand, the electron-phonon coupling is not strong enough to mediate superconductivity of Tc ∼ 10 K. These results indicate that NdNiO2 hosts an almost isolated correlated 3d x 2 −y 2 orbital system. We further study the possibility of realizing a more ideal single-orbital system in the Mott-Hubbard regime. We find that the Fermi pockets formed by the Nd-layer states dramatically shrink when the hybridization between the interstitial s state and Nd 5dxy state becomes small. By an extensive materials search, we find that the Fermi pockets almost disappear in NaNd2NiO4 and NaCa2NiO3.
I. INTRODUCTION
Since the discovery of high transition temperature (T c ) superconductivity in the cuprates [1] , a wide variety of two-dimensional correlated materials including layered transition metal oxides, pnictides, chalcogenides, some heavy fermion materials, and organic conductors have provided a unique playground for unconventional superconductivity [2] . Among them, the high T c cuprates are of great interest due to their remarkably simple electronic structure: The Fermi surface consists of only one twodimensional band. Thus one may expect that if just one correlated orbital makes a two dimensional Fermi surface, high T c superconductivity will emerge [3] [4] [5] [6] [7] [8] [9] .
However, it has been a great theoretical and experimental challenge to find an analogue of the cuprates [10] . One possible candidate is vanadates, for which we can think of designing a d 1 -analogue of the cuprates [11] [12] [13] [14] . However, it is not an easy task to separate the twodimensional 3d xy -band from the 3d yz and 3d zx bands. While nickelates can be an interesting d 7 -analogue of the cuprates, we need to consider a special heterostructure to remove the 3d 3z 2 −r 2 band from the Fermi level [15] [16] [17] [18] . More recently, Sr 2 IrO 4 and Ba 2 IrO 4 are attracting broad interest as a possible 5d-analogue of the cuprates [19] [20] [21] [22] . While it has been recently reported that doped Sr 2 IrO 4 * yusuke.nomura@riken.jp exhibits spectroscopic signatures suggesting a d-wave superconducting gap [23, 24] , a zero-resistance state has not yet been observed. It should be noted that the system cannot be regarded as an ideal single-orbital system in that not only the j eff = 1/2 state but also j eff = 3/2 states are involved with the low-energy physics [25, 26] . Therefore, "orbital distillation" [8] in two-dimensional correlated systems has been a key issue for realizing an analogue of the cuprates.
Recently, Li et al. discovered that the infinite-layer nickelate NdNiO 2 exhibits superconductivity when Sr is doped [27] . It is interesting to note that NdNiO 2 is isostructural to the infinite-layer copper oxide CaCuO 2 which becomes a superconductor below T c = 110 K by hole doping [28] . In this compound, Ni has square planar oxygen coordination and is expected to have a d 9 configuration. Due to the absence of the apical oxygen, the crystal field in NdNiO 2 is totally different from the octahedral ligand field. Notably, the energy level of the 3d 3z 2 −r 2 orbital becomes much lower than that of the 3d x 2 −y 2 orbital, even lower than the orbitals labeled t 2g in the octahedral environment [29] . In this situation, only the 3d x 2 −y 2 band among the five 3d bands intersects the Fermi level. While this is good news for designing an analogue of the cuprates, the previous calculations based on density functional theory (DFT) pointed out that there are two complications [29] [30] [31] [32] . One is that electrons in the Nd layer make additional Fermi pockets. The other is that the charge transfer gap between the transition-metal 3d states and O 2p states is larger than that in the cuprates.
In this paper, we focus on the first problem, i.e., the role of the "additional" Nd 5d Fermi pockets which are absent in the cuprates. Especially, we discuss the following issues of critical importance: i) What is the minimal model to describe these additional degrees of freedom in the Nd layer? ii) Does the hybridization between the Ni 3d x 2 −y 2 band and these additional bands invalidate the effective single-band 3d x 2 −y 2 model? iii) Does the metallic screening from the additional Fermi pockets significantly weaken the effective Hubbard interaction between the Ni 3d x 2 −y 2 electrons and help the conventional phonon mechanism? iv) Can we switch the presence/absence of the additional Fermi pockets?
For these issues, we show that: i) We need two orbitals to describe the additional low-energy bands: the Nd 5d 3z 2 −r 2 orbital and interstitial s orbital (or the Nd 5d xy orbital [31] ). ii) In the three-orbital model for the Ni 3d x 2 −y 2 orbitals and two orbitals in the Nd layer, the hybridization between the Ni and Nd layer is weak; thus, the Ni 3d x 2 −y 2 electrons are almost isolated. iii) The metallic screening by the Nd layer is not significant, leaving the Ni 3d x 2 −y 2 electrons strongly correlated. On the other hand, the electron-phonon coupling is not sufficiently strong to mediate superconductivity of T c ∼ 10 K. vi) By controlling the hybridization between the interstitial state and the Nd 5d xy orbital, we can change the size of the additional Fermi pockets. More specifically, we show that the additional Fermi pockets almost disappear in NaNd 2 NiO 4 and NaCa 2 NiO 3 . While the cuprates belong to the charge-transfer type in the Zaanen-SawatzkyAllen classification [33] , these nickelate compounds will provide an interesting playground to investigate the possibility of high T c superconductivity in the Mott-Hubbard regime.
The structure of the paper is as follows. After describing the detail of the methods in Sec. II, in Sec. III A, we first show the band dispersion and the Bloch wave functions at some specific k points. We will see that the Fermi surface consists of three bands: The Ni 3d x 2 −y 2 band, Nd 5d 3z 2 −r 2 band, and that formed by a bonding state between interstitial and Nd 5d xy orbitals in the Nd layer. To exclude the possibility of phonon-mediated superconductivity, we calculate the phonon frequencies and electron-phonon coupling in Sec. III B. We show that the electron-phonon coupling constant is much smaller than 0.5, so that phonons cannot mediate superconductivity of T c ∼ 10 K. To consider the possibility of unconventional superconductivity, we then derive an effective low-energy model of NdNiO 2 in Sec. III C. By looking at the tightbinding parameters in the Hamiltonian, and plotting the projected density of states (PDOSs), we show that the hybridization between the Ni 3d x 2 −y 2 state and the Ndlayer states is small. In Sec. III D, we perform a calculation based on the constrained random phase approximation (cRPA) [34] , and estimate the interaction parameters in the three-orbital model and single-orbital model.
By comparing the values of the Hubbard U , we show that the screening effect of the Nd-layer on the 3d x 2 −y 2 orbital is not so strong. In Sec. IV, we discuss how we can change the band dispersion and realize an ideal singlecomponent two-dimensional correlated electron system. We show that the hybridization between the interstitial state and the Nd 5d xy state is the key parameter for the materials design.
II. METHODS
Here, we describe the calculation methods and conditions used in the following sections.
a. Secs. III A, III C and III D The DFT band structure calculations for NdNiO 2 are performed using Quantum ESPRESSO [35] with the experimental lattice parameters of bulk NdNiO 2 : a = 3.9208Å and c = 3.2810Å [36] . We use Perdew-Burke-Ernzerhof (PBE) [37] norm-conserving pseudopotentials generated by the code ONCVPSP (Optimized Norm-Conserving Vanderbilt PSeudopotential) [38] , which are obtained from the PseudoDojo [39] . We use 11×11×11 k points for sampling in the first Brillouin zone. The energy cutoff is set to be 100 Ry for the wave functions, and 400 Ry for the charge density. After the band structure calculations, the maximally localized Wannier functions [40, 41] are constructed using RESPACK [42] [43] . The three-orbital model consisting of Ni 3d x 2 −y 2 , Nd 5d 3z 2 −r 2 and interstitial s orbitals is constructed using the outer energy window of [−2 eV : 10 eV] and the inner energy window of [0 eV : 1.5 eV]. The Ni 3d x 2 −y 2 single orbital model is constructed using the outer energy window of [−1.15 eV : 2.05 eV] without setting the inner energy window. The interaction parameters are calculated with RESPACK [42] using the constrained random-phase approximation (cRPA) method [34] , in which we employ the scheme in Ref. 44 for the band disentanglement. The energy cutoff for the dielectric function is set to be 20 Ry. The total number of bands used in the calculation of the polarization is 80, which includes the unoccupied states up to ∼ 55 eV with respect to the Fermi level.
To evaluate the effects due to the difference in DFT codes and pseudopotentials, we also derive the lowenergy effective models using xTAPP [45] . Although the basic calculation conditions are the same as those of Quantum ESPRESSO, the xTAPP calculations employ the pseudopotentials generated as follows: Ni pseudopotential is generated in a slightly ionic semicore (3s) 2 (3p) 6 (3d) 9 configuration by employing the cutoff radii of r 3s = r 3p = r 3d = 0.8 bohr. The Nd pseudopotential is constructed under the configuration of (5s) 2 (5p) 6 (5d) 1 (6s) 2 , while that of the core electrons is (Kr)(4f ) 3 ; the 4f electrons are frozen and excluded from the pseudopotential. The cutoff radius for the local potential is 1.3 bohr, and those for s, p, d orbitals of the pseudopotential are 1.3, 1.9, and 1.9 bohr, respectively. The 5s and 6s orbitals share the same cutoff radius. We apply the partial-core correction with a cutoff radius of 1.1 bohr. To stabilize the band calculation under the fairly hard pseudopotential of Ni, the xTAPP calculations adopt the energy cutoffs of 196 Ry and 784 Ry for wave function and the charge density, respectively. With this condition, almost perfect agreement between the Quantum ESPRESSO and xTAPP results is obtained for the low-energy band structure and the Wannier function.
b. Sec. III B Phonon band structure, electronphonon coupling constants, and the Eliashberg function of NdNiO 2 are calculated based on density functional perturbation theory (DFPT) [46] , as implemented in Quantum ESPRESSO [35] . We use PBE pseudopotentials obtained from the pslibrary 1.0.0 [47] . The 4f orbitals of Nd is treated as a frozen core. The kinetic energy cutoff is set to 75 Ry for the wave function and 600 Ry for the charge density. The self-consistent field calculation is conducted with 16×16×16 k mesh, and DFPT calculation is performed with 8×8×8 q mesh. Before performing DFPT calculation, the lattice constants are optimized until the stress convergence criterion of |σ| < 0.5 kbar is reached. The optimized values are a = 3.893Å and c = 3.267Å, which reproduce the reported experimental values within 1% error.
c. Sec. IV We use Vienna ab initio simulation package (VASP) [48] for optimizing the lattice parameters of LiNd 2 NiO 4 , NaNd 2 NiO 4 , and NaCa 2 NdO 3 . The wave-function cutoff energy of 50 Ry is employed along with the PBE PAW potentials [49, 50] labeled as Li sv, Na pv, Ca sv, Nd 3, Ni pv, and O. The 12×12×8 k mesh is employed for the Brillouin zone sampling. For the calculation of the electronic band structures, we use the ab initio code OpenMX [51] . We employ the same k mesh as that of the VASP calculation. We employ the valence orbital sets Li8.0-s3p3d2, Na9.0-s3p2d1, Ca9.0-s4p3d2, Nd8.0 OC-s2p2d2f 1, Ni6.0H-s4p3d2f 1, and O-5.0s3p3d2. The energy cutoff for the numerical integration is set to 150 Ry.
III. FORMATION OF SINGLE-ORBITAL CORRELATED SYSTEM IN NdNiO2
A. Band structure Figure 1 (a) shows the DFT band structure for NdNiO 2 . In the calculations, the Nd 4f orbitals are assumed to be frozen in the core so that dispersionless 4f bands do not appear in the band structure.
We see that the Ni 3d bands (located from −3 eV to ∼ 2 eV) and the O 2p bands (located from ∼ −9 eV to ∼ −3 eV) are well separated, which is in high contrast with the cuprate counterpart CaCuO 2 [29] . Because of the absence of the apical oxygen, the energy level of the Ni 3d 3z 2 −r 2 orbital becomes far below the Fermi level. Therefore, as far as the Ni 3d orbitals are concerned, only the 3d x 2 −y 2 orbitals form the Fermi surface. As already pointed out by previous studies [29, 30] , on top of the Fermi surfaces originated from the Ni 3d x 2 −y 2 orbital, there are additional Fermi pockets around Γ and A points. Around Γ point, as can be confirmed by the electron density of the Kohn-Sham orbital [ Figure 1 (b)], the Fermi pocket originates mainly from the Nd 5d 3z 2 −r 2 orbital [29, 30] . On the other hand, the orbital character of the Fermi pocket around A point shows an interesting feature [ Figure 1 (c)]. The electron density has a large weight at the interstitial region around (0, 0, 1/2) site, which corresponds to the site of the apical oxygen in NdNiO 3 . This interstitial state is stabilized because (0, 0, 1/2) site is surrounded by cations. Therefore, the NdNiO 2 system has a feature similar to electrides where electrons at interstitial regions play a role of anions [53, 54] . The interstitial orbitals form a bonding Fig. 1 ]. The energy difference between the bonding and antibonding states at A point is more than 10 eV. As we will discuss in Sec. IV, we can realize a single-component correlated system by controlling the energy dispersion of the interstitial bonding state.
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B. Phonons
Because NdNiO 2 has a different Fermi surface topology from the cuprates, there might be a possibility that the superconducting mechanism is different. One of the most fundamental questions would be whether the observed superconductivity can be explained by the phonon mechanism or not. To investigate this point, we performed phonon calculations and estimated the strength of the electron-phonon coupling. Figure 2 shows the calculated phonon and electronphonon properties of NdNiO 2 . The phonon band structure shows no imaginary modes, confirming the dynamical stability of bulk NdNiO 2 . To evaluate the Brillouin zone-averaged electron-phonon coupling strength λ, we first calculated the coupling strength for each phonon mode ν at momentum q defined as
Here, ω qν is the phonon frequency, N ( F ) is the DOS at the Fermi level, N k is the number of k points, g mn,ν (k, q) is the electron-phonon matrix element, and ξ mk = mk − F is the energy of the Kohn-Sham orbital m at momentum k relative to the Fermi level. The double delta function of λ qν was evaluated by the Gaussian smearing method with different smearing width σ. We then calculated the Eliashberg function α 2 F (ω) and λ as α 2 F (ω) = 1 2Nq
, respectively. The results for α 2 F (ω) and the accumulated value of λ is shown in the right panel of Fig. 2 .
The electron-phonon interaction evaluated with σ = 0.04 Ry is λ = 0.22. Although the λ value changes with the smearing width as shown in Table I , we confirmed that it does not reach 0.5 with reasonably small values of σ. We note that the λ values of NdNiO 2 are as small as those calculated for the cuprate superconductors Table I . The T c values, obtained using the Allen-Dynes formula [57] with µ * = 0.1, are too small to account for the experimental results of T c = 9-15 K. Therefore, we can rule out the electron-phonon interaction as the exclusive origin of the superconductivity observed in the doped NdNiO 2 . In Section III B, we have seen that the electron-phonon coupling is not strong enough to explain the experimental transition temperature. Next, we consider the possibility of whether the Ni 3d electron systems can be a playground for unconventional superconductivity. To analyze the electron correlation effect, it is essential to derive realistic tight-binding Hamiltonian for the low-energy electrons near the Fermi level [58, 59] . Here, as a minimal tight-binding model to reproduce the band structure around the Fermi level, based on the orbital character analysis in Figs. 1(a) and (b) , we propose a three-orbital model consisting of the Ni 3d x 2 −y 2 orbital, Nd 5d 3z 2 −r 2 orbital, and interstitial s orbital centered at (0, 0, 1/2) site. Figure 3 (a) shows a comparison between the original DFT band structure (red solid curves) and the band dispersion obtained from the three-orbital tight-binding model (blue dashed curves). We see that the band structure near the Fermi level is accurately reproduced. The Nd-5d xy -centered bonding orbital. See Appendix B for the construction of another three-orbital model using the Nd-5d xy -centered bonding orbital [31] .
We show the calculated density of states (DOS) for the three-orbital model and the decomposition into the three orbitals [Ni 3d x 2 −y 2 (red), Nd 5d 3z 2 −r 2 (green), and the interstitial s (blue)] in Fig. 3(c) , and the fat bands (bands weighted by the orbital components) in Fig. 3(d) . Notably, the hybridization between the Ni 3d x 2 −y 2 orbital and the other orbitals is negligibly small and the Ni 3d x 2 −y 2 orbital form an isolated single band. From the symmetry consideration, we can show that the transfer between the neighboring Ni 3d x 2 −y 2 and Nd 5d 3z 2 −r 2 orbitals is zero. The same is true for the transfer between the neighboring Ni 3d x 2 −y 2 and interstitial s orbitals. These facts and a large difference in the onsite level between the Ni 3d x 2 −y 2 and Nd 5d 3z 2 −r 2 and the interstitial s orbitals (about 2.6 eV and 2.4 eV, respectively) help the isolation of the Ni 3d x 2 −y 2 orbital.
We see that at the Fermi level, the majority of the DOS is from the Ni 3d x 2 −y 2 orbital, but both the Nd 5d 3z 2 −r 2 and the interstitial s orbitals also have finite DOS. The additional Fermi surface around Γ point is formed by the Nd 5d 3z 2 −r 2 orbital, whereas that around A point is formed by the interstitial s orbital, in accord with the orbital character analysis in Figs. 1(a) and (b) . The absence of the apical oxygen makes the lattice constant along the z direction small, resulting in the large bandwidth of the Nd-layer orbitals. Because of the finite occupation of the Nd 5d 3z 2 −r 2 and the interstitial s orbitals, the occupation of the Ni 3d x 2 −y 2 orbital deviates from half-filling. The calculated occupation is about 0.87, corresponding to 13 % hole doping. This number is consistent with an estimate in the previous study [29] .
The absence of apical oxygen makes the Ni 3d x 2 −y 2 band highly two-dimensional. It can be confirmed by the shape of the PDOS of Ni 3d x 2 −y 2 and the negligible dispersion along the z direction.
D. Correlation strength
The analysis in section III C leads to the conclusion that the low-energy electronic structure of NdNiO 2 is well characterized by the highly-two dimensional Ni 3d x 2 −y 2 band and two independent Nd-layer bands. Then, an important question is whether Ni 3d x 2 −y 2 bands are strongly correlated or not. To answer this question, we estimate the strength of the effective Coulomb repulsion using the cRPA method [34] .
First, we calculate the interaction parameters for the three-orbital model. Table II shows our calculated effective interaction parameters of the three-orbital model. The Ni 3d x 2 −y 2 onsite interaction U is about 3.1 eV, which is comparable to the bandwidth of the Ni 3d x 2 −y 2 band (about 3 eV). Compared to U for the Ni 3d x 2 −y 2 orbital, U for the Nd 5d 3z 2 −r 2 and the interstitial s orbitals are smaller, reflecting their larger spatial spread.
If we take account of the metallic screening by the Nd-layer orbitals, the effective interaction parameter for the Ni 3d x 2 −y 2 orbital will be reduced. To investigate this screening effect, we calculate the interaction parameter for the Ni 3d x 2 −y 2 single-orbital model by including the Nd-layer screening effect. Table III shows the main Coulomb interaction parameters of the single-band model. We also show the hopping parameters in the table. What is interesting is that even when the Nd-layer metallic screening effect is incorporated, the Ni 3d x 2 −y 2 orbital has an onsite interaction of about 2.6 eV, and the reduction of U is less than 20 %. We note that if the Ni 3d x 2 −y 2 intraband metallic screening effect is further taken into account, U is drastically reduced down to about 1.2 eV. Therefore, the effect of the metallic screening by electrons in the Nd layer on the Ni 3d x 2 −y 2 onsite interaction is weak.
The mechanism behind the weak screening effect is summarized by the following three points: i) The electron density of the Nd-layer orbitals is spatially separated from the NiO 2 plane. Therefore, the electron clouds of the Nd-layer orbitals cannot directly screen the Coulomb interaction in the NiO 2 plane. ii) The Nd-layer polar- ization is not strong because the DOS of the Nd-layer orbitals is small at the Fermi level.
iii) The orbital offdiagonal polarization involving the Ni 3d x 2 −y 2 orbital and the Nd-layer orbitals is small because of the tiny hybridization as discussed in the previous section. More detailed discussion on the role of the Nd-layer screening can be found in Appendix A. Therefore, the Ni 3d x 2 −y 2 orbital feels strong onsite Coulomb repulsion. The nearest transfer t is nearly −0.37 eV, and thus the ratio U/t amounts to around 7, whose value is comparable to that estimated for the cuprates [60] [61] [62] [63] [64] [65] . Therefore, we conclude that the Ni 3d x 2 −y 2 electrons in NdNiO 2 forms strongly-correlated two-dimensional system.
As for other parameters in the table, V a and V c represent nearest neighbor interactions along the a and c axes, respectively, which are sufficiently smaller than U . t and t are the next-nearest and third-nearest transfer integrals, respectively. In particular, frustration degree of freedom in the square lattice t /t is nearly −0.25, which is comparable to that of cuprate [29, 66] 
IV. BAND ENGINEERING FOR REALIZING PURE MOTT-HUBBARD TYPE SINGLE-BAND SYSTEM
So far, we have shown that the electronic structure of NdNiO 2 can be accurately described by a single-orbital strongly-correlated Ni 3d x 2 −y 2 band coupled weakly to the Nd-layer electrons. Considering the large charge transfer energy, NdNiO 2 would belong to the MottHubbard type [32] rather than the charge-transfer type in the Zaanen-Sawatzky-Allen classification scheme [33] . Therefore, the nickelate would be an interesting playground for investigating superconductivity in the MottHubbard type single-band system, which will promote TABLE IV. Energy of the interstitial s and the cation dxy orbitals (∆Es and ∆E dxy , respectively) for NdNiO2, LiNd2NiO4, NaNd2NiO4, and NaCa2NiO3. We also show the energies for the bottom of the bonding band E b and the top of the antibonding band Ea. ∆E sd and ∆E ba are the energy difference between s and dxy states, and bonding and antibonding band, respectively. Here, dxy indicates the Nd 5dxy orbital for NdNiO2, LiNd2NiO4, and NaNd2NiO4, and the Ca 3dxy orbital for NaCa2NiO3. Es and E dxy are estimated, respectively, from R and Z points in NdNiO2, and from X and Γ points in the other materials. In these k points, the hybridization between the interstitial s or dxy orbitals and the other orbitals become small. E b and Ea are estimated from A point in NdNiO2, and M point in the other materials. The unit for length isÅ. The energy unit is eV. the understanding of the high T c superconductivity in the cuprates.
Here, we propose a way to perform "band engineering" to realize a more ideal two-dimensional Mott-Hubbard type single-band system, in which almost only the Ni 3d x 2 −y 2 band intersects the Fermi surface. For this purpose, we need to eliminate the Fermi pocket around Γ and A points originated from the Nd-layer band. Because the Fermi pocket around the Γ point is already small, we hereafter focus on the Fermi pocket around the A point.
As we have already discussed in Sec.III A, the band dispersion of the bonding state between the interstitial s and Nd 5d xy orbitals takes its minimum at A point in k space [67] . The energy of the band bottom is located well below the Fermi level (∼ −1.5 eV). The energy of the antibonding state at A point is located around 9 eV, and the energy difference is larger than 10 eV (see Fig. 1 ).
In order to eliminate the Fermi pocket from the bonding orbital, there are basically two strategies: i) reduce the bandwidth and make the energy difference between the bonding and antibonding states smaller. ii) raise the energy center of the bonding-antibonding gap. The former is related to the strength of the hopping between the interstitial s and Nd 5d xy orbitals, whereas the latter is related to their onsite energy levels. Because the hopping amplitude is easier control, we follow the former strategy.
To reduce the hopping amplitude between the interstitial s and Nd 5d xy orbitals, the simplest way is to increase the in-plane lattice constant a. By increasing a by 5 %, we indeed see that the energy difference between the bonding and antibonding states at the A point becomes smaller and that the band bottom of the bonding state becomes closer to the Fermi level (see Fig.4) . However, the effect is not strong enough to eliminate the Fermi surface.
Alternatively, let us introduce a new block anion layer, then we can reduce the hopping amplitude without applying the tensile strain. Here, the unit cell consists of two anion layers (NiO 2 and new anion layer) and two cation layers (such as La and Nd). It should be noted that the mirror inversion symmetry with respect to the cation layers is broken. Then, the height of the center of the interstitial s and cation 5d xy orbitals becomes different. Because of the bending of the hopping path, the hopping amplitude is expected to decrease.
We have verified several different possibilities for the new block layers, such as LiO 2 , NaO 2 , LiO, and NaO. In the case of LiO and NaO, to satisfy the charge neutrality, we change the cation layer from Nd to Sr or Ca. Among them, we find that NaNd 2 NiO 4 and NaCa 2 NiO 3 , whose structures are shown in Figs. 5(a) , and (c), are potential candidates to realize an ideal two-dimensional MottHubbard type correlated system. The band structures for NaNd 2 NiO 4 and NaCa 2 NiO 3 are shown in Figs. 5(b) , and (d), respectively. In these materials, because there exist two anion layers, M point corresponds to A point in NdNiO 2 . Remarkably, in both materials, the Fermi pockets around M point almost disappear.
Indeed in these two materials, as shown in Table IV smaller than that of NdNiO 2 (10.837 eV). Especially in NaCa 2 NiO 3 , even though the in-plane lattice constant a is smaller than that of NdNiO 2 , we see a significant decrease in ∆E ba , which can be ascribed to the bending of the hopping path on the cation layer. The increase in the energy difference between the interstitial s and Nd 5d xy orbitals (see ∆E sd ) makes the hybridization smaller, and this is also helpful in reducing ∆E ba . Finally, let us mention that the effect is material dependent. For example, in LiNd 2 NiO 4 , the decrease in ∆E ba is not so drastic and the Fermi pocket survives (not shown). However, we see that the decrease in ∆E ba is a general tendency, therefore, we believe that the present results provide a useful guildeline for future material synthesis.
V. SUMMARY
In this paper, we studied the role of the states in the Nd layer in the newly discovered nickelate superconductor, NdNiO 2 . While only the d x 2 −y 2 band among the five d bands intersects the Fermi level, we need at least two states to represent the Fermi pockets formed by the states in the Nd layer: One is the Nd d 3z 2 −r 2 state, and the other is an interstitial s state, which makes the situation similar to electrides. In the three-orbital model for these states, the hybridization between the Nd-layer states and Ni d x 2 −y 2 state is small. We performed a calculation based on the cRPA to estimate the interaction parameters. By comparing the results for the threeorbital model and single-orbital model for the Ni d x 2 −y 2 orbital, we found that the screening effect of the Ndlayer states is not so effective, reducing the Hubbard U between the Ni d x 2 −y 2 electrons just by 10-20%. On the other hand, the electron-phonon coupling constant is not larger than 0.5, so that the phonon mechanism is unlikely. Given the results indicating that NdNiO 2 hosts an almost ideal single-component correlated 3d electrons, we further study whether we can eliminate the Fermi pockets formed by the Nd-layer states. We found that these Fermi pockets dramatically shrink if the hybridization between the interstitial s state and the Nd d xy states is reduced. By an extensive materials search, we found that the Fermi pockets almost disappear in NaNd 2 NiO 4 and NaCa 2 NiO 3 . These nickelates will provide an interesting playground to investigate the possibility of high T c superconductivity in the Mott-Hubbard regime. In Sec. III D, we have discussed that as far as the threeorbital model is concerned, the screening effect of the Nd layer on the NiO 2 layer is not so appreciable. In this Appendix, we discuss this point in more detail by comparing different model including five Ni 3d orbitals. Table V is a list of calculated cRPA onsite interactions for the seven-orbital, five-orbital, three-orbital, and single-orbital models. In the seven-orbital model, the five Ni 3d orbitals, Nd 5d 3z 2 −r 2 , and interstitial s orbitals are considered. In the five-orbital model, only the five Ni 3d orbitals are taken into account. Here, we focus on the onsite interaction U of the Ni 3d x 2 −y 2 orbital. The comparison of the onsite interaction parameters shows that: Then, the screening from the Nd layer becomes effective, in accord with the recent cRPA calculation by Sakakibara et al. [31] . Therefore, whereas the Nd-layer screening plays an important role in the seven-orbital model [31] , its effect is small in the three-orbital model. Fig. 3(a) , we see differences in the dispersion of the conduction band. 
